ABSTRACT: By analyzing the principle and technology of MSP430, the characteristics and working mode of UART timer are studied, and the function of UART is realized by using MSP430 timer resource. Experiments show that the performance is stable and the bit error rate is expected to be stable. In the case of not increasing the number of peripheral, the expansion of the number of serial port provides a new way of thinking for serial communication.
INTRODUCTION
In the actual development of embedded product, the development of DSP is restricted by the cost problem and the embedded products developed by SCM have become a trend. As a part of the embedded system, the MSP430 microcontroller system is mainly concentrated in the middle and low end application areas, and has a wide market in China. TI MSP430 microcontroller is being widely used, because it has low power consumption, strong processing ability, variant internal and external resources on chip, system work stability, convenient development environment and other significant advantages, for example, design of power quality analyzer based on DSP and 430 single-chip microcomputer [1] . Asynchronous serial communication is called UART. In embedded design, UART is used to communicate with PC, including monitoring debugger and other devices, such as EEPROM communications. When application systems require a single chip with multiple UART or without UART because of the performance improvement and the cost, we can use software to build UART to achieve data communication requirements of the system. In the premise of not increasing the hardware, the MSP430 timer can be flexibly configured to realize the UART function, which provides a new way to realize the function of serial port.
The serial interface device has advantages such as flexible control, simple interface and less occupancy of system resources and, it is widely used in the field of industrial control, home security, GPS satellite navigation, water, and electricity and gas meter. In these embedded systems, there may be many devices communicating with the host through the serial interface, such as MODEM GPRS, infrared transmitting and receiving module, RS485 bus interface and so on. They make the developers often face the problem of insufficient serial communication interface in the embedded system. In order to solve this problem, we can program to capture or compare the module of the timer to realize serial communication, and the UART can be realized with a minimum of soft component and the lowest CPU load. In addition, it has great flexibility in the configuration.
PRINCIPLE OF UART
Serial port is an important way to contact the outside world. In the development and application of the embedded system, the computer system is used to realize the debugging of the system and the data collection and control in the field. UART (Universal Asynchronous Receiver Transmitter) is commonly referred to asynchronous serial communication. UART is an important way of communication, which plays an important role in the development of embedded system. When the data is sent, CPU writes the parallel data to UART, and the UART is serially sent on a wire in a certain format, receiving action which begins with receiving effective starting position. Usually, the start bit starts with detecting the falling edge of the port, and then takes the 3 majority voting methods. If the 3 sampling is at least 0, it indicates that it is falling edge, and then it starts to receive initialization, the process can realize the rejection of the false start bit and central position function of each data in the frame. When the data are received, the UART detects the signal on the other wire, and the serial data is collected in the buffer. CPU can immediately read these data. And two serial ports are realized by three lines, one is TXD sending data, the other is RXD receiving data, Gnd is used to provide reference for both parties, and the hardware connection is simple, which is easy to use. The character format of common asynchronous communication is composed of start bit, data bits, and parity bit and stop bits. According to the need, the user can set up data bits, stop bits, and can set if there is the parity and confirm the cycle of bit by choosing the baud rate. The character format of asynchronous operation is shown in Figure 1 : In asynchronous mode, the data are transmitted in character. The sender and the receiver control the sending and receiving through their own clock. In the actual process of sending data, the parity bit is omitted. First, the output level is set high, and outputs a low level to produce falling edge as the starting bit, and then outputs data [2] . If the two functions are added to the standard UART, namely, frame error detection (FED) and automatic address recognition (AAR), this will become an enhanced UART [3] .
3 THE FEASIBILITY OF USING TIMER TO ACHIEVE UART
Timer features
All MSP430 series FLASH microcontroller produced by TI have timer A, which consists of a sixteen bit timer and multi-channel comparison/capture channel. Each comparison/capture channel can be controlled separately by the timing function of the sixteen timers. MSP430 Series MCU TIMER_A mainly has the following characteristics [4] : (1) It can not only capture the time of the occurrence of external events, but also lock the level of its occurrence;
(2) There are several options for the clock input; (3) There are 4 selections of counting functions (stopping, increasing count, continuous count, increase/reduction), and 8 choices of the output modes; (4) A timing pulse or a PWM (pulse width modulation) signal can be generated without the error caused by the software.
Asynchronous serial communication with timer
When asynchronous serial communication is realized by using the timer, MCU can automatically detect the start bit, and produce baud rate with the hardware, ranging from 75 to 115,200 baud; hardware locks to receive and send data; the half duplex mode or full duplex mode can also be used, the captured module and compared module are the cores to achieve UART expansion.
(1) The detection of the starting position In the idle state, if a falling edge of the receiving line appears, that is, as a possible starting position, it should be determined by the majority voting. The capture function of the timer can capture the change of the state of the selected input pin, which can choose a rising edge or a falling edge. If the corresponding change is captured, the timer count will be copied to the capture comparison timer CCRx, and the corresponding interrupt is generated, the start bit information in serial communication is realized by using this feature.
(2) The generation of the baud rate Sending module and receiving module have their own time base frequency when sending and receiving, we can use a timer to generate baud rate for receiving and transmitting. The comparison function is to compare the setting value of the CCRx with the count value of the timer by the comparator. When the two are equal, the interrupt is generated, and the output is set. With the comparison function, we can obtain the exact time interval. Using this feature to construct a precise baud rate generator, it can provide accurate time reference for serial communication. The baud rate is related to the setting value of the CCRx and clock source selection of the timer. We should do accurate calculation when using.
From the above analysis, we can see that the baud rate of serial communication is mainly related to a time interval T. The value of cycle is not only related to the crystal oscillator frequency used by MSP430, but also related to the MSP430 clock source chosen by TIMER-A. Based on the practical engineering, this paper expounds the calculation method of time T. First, choose 8MHz crystal oscillator for the MSP430; second, define the system clock in the main program, and choose 8MHz crystal oscillator when the SMCLK is defined, and then take the SMCLK clock frequency of eight so that the frequency of the SMCLK is 1MHz (3) Sending and receiving control Using the comparison function to move the data from the selected pin through the output unit, the transmitting function of the serial communication is realized. The baud rate is determined when the data are set in the program each time, with mode 1 outputs pin set and mode 5 pin reset. A capture/comparison function is implemented by using the SCCIx bit of the control register to receive data into the memory. Capture timer data, that is, the falling edge in the received signal can be identified to receive starting time. Once entering the interrupt, the capture/compare module is changed to the function of the comparison. In addition, set the timer A mode control for MC0 1 so that it goes into the increase counting mode. Comparison of data acquisition time is composed of the capture time and half a time decided by the baud rate. The first bit is locked with EQUx, scanning the follow-up bits which are completed in the same way according to the selected baud rate. The interrupt service program, which is related to a bit scan, collects all bits of a word for later use.
(4) The principle diagram of serial communication with timer A The principle of asynchronous communication achieved by Timer A is shown in Figure 2 .
Transmission characteristics of the implementation are to remove data from the pin of the output unit with comparison function. The baud rate is realized by interrupt which is generated by the timer. The realization of the receiving characteristic is to realize the detection of the received data with the acquisition function of the timer. The timer is set to the comparative mode when the starting position is detected, and the received bit is automatically latched by the EQUx signal. This will not cause the failure of data reception, because CPU is unable to respond in time. And this will improve the flexibility of receiving control. Besides, CPU does not need to wait for the reception, thus improve the utilization rate of CPU.
In data sending and receiving process, it should pay attention to set the timer registers, the interrupt time calibration, and the overflow calibration and so on, and set the initial value of the timer and close the interrupt. Receiving end initializer: unsigned charRXBitCnt0;aaaaare void RXReady(void){ RXBitCnt0= 0x08; CCTL0 = CCIS_ 0+ OUTMOD0+ CM_ 2+ CAP+CCIE; } After the procedures in the IAR environment are compiled and debugged, it can work well. Using this method to achieve UART serial port can support a variety of serial data communication protocol and the baud rate can reach 115,200bps [5] .
APPLICATION ANALYSIS AND COMPARI-SON

Application verification
For UART realized by the timer, UART, which is regarded as a design module, communicates with RS232 interface. The UART can be verified on the computer by using the relevant serial port debug software, its input and output results can be directly observed on the display. The experimental system block diagram is shown in Figure 3 , and the experimental procedure is as follows, taking the microcontroller as the upper computer: First, write data through the timer simulation; second, transmit the data to the computer via RS232; finally, display and analyze the data through the serial debugging software. In this way, an effective method for the verification of UART function is obtained, which is based on the function of timer and serial port debugging software. This experiment uses serial port debugging and monitoring software (SUDT AccessPort), and the interface is shown in Figure 4 , the signal monitoring is shown in Figure 5 . SUDT AccessPort can monitor, intercept and save the received data. In this program, 8-bit data in each experiment are input on the keyboard, the data are sent and received through serial debugging software, the code rate of 1/3 of the convolution is encoded, and 24-bit data will be got and are interwoven. This data is divided into 8-bit group and sent to the UART sending module, which is sent to the computer through the serial port on the UART, and finally the results can be seen on the screen. The convolution encoding module using the software programming is realized by the use of convolutional code encoder. The module requires the serial input, and the output of the UART receiving module is 8-bit parallel data. With the writing of each parallel data, an indicator signal is set on the conversion module, and the 8-bit serial data is output into the convolutional encoding module in order [6] .
The output of the convolutional encoder is made up of 2-bit parallel data. Since the previous receiver module and the deserializer module process 8-bit data every time, it can be considered that the convolutional encoder output eight 2-bit parallel data in sequence every time, and our system requires that each of the 24-bit input will have a convolution encoding and interweaving. So a register between the encoding and the interweaving is used as a data buffer. And the data reaches to 24 bit and outputs once, it can meet the requirement of the serial data input. Finally, the data which is sent back to the computer is 24 bit, so the UART module is made a simple modification, and it sends 4-bit data each time so that it will be completed as long as it sends data for 6 times. In order to achieve the connection between continuous data output by interleaver and UART, we added a register as a buffer, changed the input serial data into 4-bit parallel data and sent successively. The work of these modules is directed by a number of control signals, so in this experiment we use a written control signal module to generate these signals. For example, After UART receives the data, it will generate a written signal indicating that the conversion module starts working, and the signal which UART outputs effectively tells the encoder to start work. In the same way, when UART receives data, outputs data, and when the interleaver starts work, all are controlled by the signal generated by the module [7] . In this way, we can ensure that multiple modules can work coordinately. The input data 011110 1010010100011101will be sent to the UART through the computer. According to the requirements of each frame 8 bit, we can fill the data from 0 to 24 bits, and get the data of 01111000 1010010100011101, and make it encode and interweave, and then return to the computer via UART. Using computer simulation, the bit error rate curve is shown in Figure 6 .
The results of the data show that the bit error rate is small, and it can meet the design requirements and work reliably. The theory is verified by Matlab, and the output is obtained by the interleaving. At the same time, the effect of UART in the practical application is also verified.
Error analysis
UART protocol is simple and easy to use, and it has been widely used in serial communication design. However, due to its special communication protocol, it may lead to a large amount of wrong data if an error occurs [8] . The use of appropriate error correction code can effectively solve some genetic errors. When the asynchronous serial communication receives data, it can be received as long as the next data arrives, because the timer has automatic latch function. Thus, realizing UART by using the timer is feasible, and this application will be used widely. In the practical application of UART, the clock frequency should be very close to an integer multiple of the baud rate so as to achieve the accuracy of the baud rate. While the actual baud rate is often obtained by the clock frequency, it cannot be very accurate and, it will inevitably produce cumulative errors [9] . When UART realized by the timer receives or sends the next byte, the timer starts to capture the start bit of the next byte to restart the count, so in this way the cumulative error is only within the byte and is not between byte, thus reduce the error effectively. When the increasing count mode is used in the receiving process of MSP430, it is very important to detect through using interrupt of the start bit, and set the appropriate time interval to the CCRx. At the same time, jump the start bit to reach the middle of the first data so that the data is the most stable [10] .
Compared with ordinary UART
In the process of receiving and sending, if the interrupt service is used, other tasks can be performed while the CPU is executed, and the occupancy rate of CPU is solved. If realizing UART is by use of common software, this approach can be achieved in principle, but it is necessary to capture the start bit in the query way, which seriously affects the efficiency of the main program. While UART is realized by use of MSP430 timer, the interrupt is used so that CPU is occupied when UART communication occurs, and it has no effect on the main program during idle time, thus maximum limit reduces the burden of CPU. Design engineers may be concerned with the use of UART in the system overhead rather than a dedicated serial port case. Using the timer to achieve UART can use hardware resources effectively.
CONCLUDING REMARKS
The number of UART is effectively increased by using powerful function of MSP430 timer. When making design, the sending and receiving are arranged respectively in the interrupt program. At the same time, the relevant registers are set up so that the product system is in a low power state. The experimental results confirm that the cumulative errors can be avoided effectively. At the same time, the advantage which the hardware of the timer can record the start bit and latch data is also fully utilized. And this research provides a new idea for the use of serial port in embedded development or industrial control.
